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A common characteristic of metal/metal oxide nanostructured magnetic materials [socalled magnetic nanoparticles (NPs)] is the coexistence of two or more phases, magnetically and/or structurally different, which are modulated on a length scale of the order of a nanometer. Interactions between different magnetic phases of NPs have attracted both fundamental and technological research interest, motivated by the challenge of discovering and understanding phenomena related to the finite-size effects, surface/interface effects, including symmetry breaking and lattice-host exchange interactions [1] [2] [3] . There has been a great deal of recent interest in the incorporation of metal or metal oxide NPs into dielectric and semiconductor matrices to form nanocomposites [4] [5] [6] [7] [8] [9] [10] [11] [12] . Metal NPs in dielectric matrix could have potential applications in nonlinear optics and high density magnetic storage devices or magnetic sensors [13, 14] . Various synthesis routes of ferromagnetic NPs fabrication are being currently employed and continuously improved; the aim is to improve the control over the size distribution, surface morphology, and stability of nanostructures.
Negative-ion implantation is one of the promising method to fabricate metal NPs, because of little surface charging, high-purity process and good controllability in fluence, spatial position and depth [15] . In spite of huge efforts in the fabrication and characterization techniques of metal NPs, there are many unanswered questions concerning the development of magnetic order on a microscopic scale. In this context, the spin-dependent coupling mechanisms and the presence of surrounding medium (electronic environment/charge transfer) play an important role in determining their magnetic properties.
In this letter, we present the x-ray absorption (XAS) and x-ray magnetic circular phase, pattern also shows the presence of other Ni oxide phases (NiO x ) [16] , which are at variance with Ni fluences (marked by symbol "*" in the Fig. 1 To understand the bulk magnetic properties of Ni NPs, the isothermal magnetization hysteresis measurements were performed at different temperatures (10-300 K) using a vibrating sample magnetometer (Quantum Design-Physical Property Measurements System, USA) with a sensitivity of 5×10 -7 emu. closely resemble to the ionic multiplet structure of Ni [18] , however XMCD spectral features are different to that of either pure Ni metal or NiO x [18] . An inspection of XMCD spectra at the Ni L 3 edge shows that the peak A is due to metallic phase of the Ni NPs, while peaks B and C corresponds to the NiO x phases in the samples (similarly at the Ni L 2 edge, peak D is due to the Ni NPs and peak E corresponds to the NiO x phases). It should be noted that all the XMCD spectra presented in the Since the higher fluence sample shows a superparamagnetic behavior at RT with bulk magnetometry (see Fig. 2 & Fig. 3 ) having a blocking temperature of T B~1 80 K, therefore, it is reasonable to consider that this superparamagnetism is dominated by the Ni NPs phase apart from small contributions from the other NiO x phases that may not be accessible within the sensitivity (smaller than 0.1% of the 3d metal) of XAS/XMCD spectroscopy. In other words, the thickness (volume) of NiO x at higher fluence is not enough to pin the moments of Ni NPs. As the remanence of the implants at RT decreases with increasing Ni fluence during implantation (increasing fcc-Ni particle size), this destabilization of the magnetism in Ni NPs can be attributed to a fluence-dependent NiO x blocking temperature, above which magnetization is unstable [19] . We believe that at low fluences the NiO acting as a passivating layer [20] . However, our magnetic and XMCD data do not support (i) due to the fluence/temperature dependent magnetic interactions between Ni NPs and NiO x phases. Moreover, the hysteresis loops displayed in the Fig. 2 , and in the inset of Fig. 4 show that these loops are symmetric about zero field ( without any exchange bias) indicating the absence of Ni NPs with core-shell Ni-NiO x morphology. These exchange bias effects were checked in both the FC/ZFC magnetization conditions. However, core-shell morphology without any exchange bias in this system can not be completely ruled out. In our opinion, such peculiarities of magnetic phenomenon in this system demands further XMCD experiment on the similar systems, especially metal NPs embedded in dielectric/insulating oxide matrices, to model these complex magnetic interactions between Ni NPs and NiO x phases.
In summary, the element-specific magnetic properties of the Ni NPs embedded in Our XMCD data provide a distinct "fingerprint" for the complex magnetic interactions between the nanophases of Ni NPs and NiO x .
